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mmm<omm) 

[ff3^1] (Al x Gai- x ) y Ini- y P ({I U O^x^l, 

t o mwmmm tt^m l Knyra-r sifctj:^ mia ito sggmsv & 

?>BtrffiG aAsli: I n £t£ffe$-£T. I n ^ttL/cGaA s X *) tehay? 
[fflttpg 2 ] ffirfBlgfe&a* 6 0 0 rm_h 7 5 0 TCJSlTJwTfr d - t 

ftM^^j-r^ I n^IimfcKT, 0. m±0. 6&T£&& UltlBtt 

o 

[If ^4] fieifeiora?:5#^±l 2 0#^T^^1-^> Zt* 
[If«5] miBH^SCii, (Al x Gai_ x ) ylnj-yP (4S 

u o^x^i, 0. 45^7^0. 55) jcx#^$tL*i t -r&if 

[If ^6] mi53>^^ h*Ol?$*0. 0 0 1/zm£l±0. 0 2^m 
ITO ^Hjm@® <b m $ SfrlR] S> * o tlatSn W K St^i - <?> *> O * * X 
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im&m 8 ] mm* hm<o. mm i t omwmmm t ossiMasfc 

LT, C B /C A ^0. 8J^Tt^^J:9^ frfaMa^T^^tL^, C t 

[ftilO] mia^Pflil^. A 1 G a A s/i. GalnPfWAlG 

[^12] (Al x Gai- x ) y Ini_ y P OIU O^x^l 
, 0 ^ y ^ 1 ) K X «9 > ^ 9 >y Kg. YS'ttJi&tFljiriimii! 
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[fflf#£l3] fr?Blfc3fe««Rtt. (Al x Gai_ x ) y Ini_ y P ( 
HU O^x^l, 0. 45^y^0. 5 5) fcT«j££ *l£ CI <£> 
m^JIl 2ffi«0^^ 0 

I^fl4] fTIBnV^^ h«O0$**O. 0 0 1^m^_hO. 0 2^ 

[ffr^lS] ffffBnV** hJl<7)^^^ I nmmtf, IntGat<D 
&mik%.KM-f2> I nO^JttCT, 0. lJsLtO. 6&T££*L&.I <h£#$i 

[m*£ 1 6 ] mie=r mrie i t ommmmm t <Dmwnm 

tLT, c B /c A #o. &\>XTtz*i&mi^isuwt.<D$k 3 Hm=f- 0 

ffiffll TOi^ifffcOWt:, I nmUGaAs £ hJf 

t , ■mun-mmm.? ? v mtm-mmw? 7^KiioH> m=* > * ? y 
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[Itm^l9] mttmmZ, AlGaAsl, GalnPlMAlG 
im 1 7X(i 1 8 i:fBl«^if 0 

[is^2 o] mi^^mu^M^^xm^mmway ? ? hm 

[0001] 
[0002] 

, &mwm<7) I TO (Indium Tin Oxide : WMM >y^Ai) ^S^WMS Ctl 
«x.fcr#W¥ 1 -2 2 5 1 7 8-3-£rHK\ fl¥6- 1 8 8 4 5 5 
[0 0 0 3] 

^ > ^ ^ h stn;^ <^*)t^ mie ^i*f^s/±-eiEift*e § & < & & & & mm t 

LX$>lfX\<*2>o 1 -2 2 5 1 7 8^^.Xl±, f&ft/f g&^Ji^ I n x 



tbSE# 2003-3074491 



2002-230343 ^ ^-y ; 5/ 



^^^vf@$fcKv£ (Metal-Organic Vapor Phase Epitaxy: MOVPE) UTiS^ 
tv>4, ifcSu #i¥6- 1 8 8 4 5 5-54MftT»tt\ f&3frf SBOJhlC G a A s Jf 

[0 0 0 4] 
[0 0 0 5] 

±IB^fftt#^-C^ffl$tL"Cv^MOVPEi*"T?^$*L* I nG a A s n 
±|B»*«**ft^b#*#aM|:, GaAs^GaAs 
*1E±^J.e *3rv^;W£g£*LfcA 1 G a A s^A 1 G a I n P fcOJj&T-Jegc 

(Dl nGaAsr/^ h » t Ojfrf^liE^c J: 0 > fBfc5»Olg;T 

©InGaAs3>^ >m*W&x-V**is 1 -2 2 5 1 

\>*-\-frlzm&r*£&<%:Z> 0 — # N I TO»9i*iBMI4'»jKLfc|feH 
Mt^#lif6- 1 8 8 4 5 5^«Ltcg|^$tLfc||JftM(±. Sk&SiaSa* 

[0 0 0 6] 
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(Al x Gai- z ) y Ini- y P (fSU O^x^l, O^y^l) \z£ 

mmm*M$. Lfc&izmtum-t & - £ k x *) , it ojswtt&jv^fe g a a s s 

[0 0 0 7] 

£<bic N A 1 G a I nPi •? fc&fgtee©&J&BH£K J: 0> affcfe^&aMMW* ( 
tf-*$&3feafcKj&*5 2 0 nmtt±6 7 0 nmMT) KjWC, Ja$£H<7)J£«:R 

**3H-&c: *„ Lt, *»wo»**f-o*i6^r&K:*v>rj±, A 

1 Ga I nP^&aHftSSU:^ GaAsiMU ^GaAsiti 

i~<& <£ ■? i TommwMM^j&t&o §titmm±Mx-tf 1 1 1 -vi{b^ 

tr^jSt?S*o GaAsittA 1 Ga I nP§k%MB£fc=?'&bit s m#>'t:m-% 
Tfc*), InGaAs fcii^tf* *">*/Hfc*1-*«WF 1 - 2 2 5 1 7 8f 

[0 0 0 8] 

-ett, f <Z) G a A s lit: I T Oi^lii litfl f»S1-&C:h 
iZX »K I T01^1Ii^t>GaAsii:i n £Mfc$-grT * hgtf 
& 0 ZtDXTlzmBMLTftbti* I n^tUGaAs i fjfcanv** h 
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T& £<D&M£ttZ$m&)l~V5}k1rZ> GaAs i^f«t(0 

^i^H*i^(Al x Gai- x ) ylni-yP (fcrtfU O^x 
^ 1 , 0. 45^y^0. 55) Tfl*J&$ ft* rl 

[0 0 0 9] 

±IBoaM&gii, h Ji^J? Softie is It & I nj&£$Hm, I2 6«D(D 

(off), I niftJK^tc«^«rott*) Cfc^iL 

Al x Gai_ x ) ylni-yP (fcrt*U O^x^l, O^y^l) \iZ£iQ 

i T03Sw««Js*«a$**^t?^om$*tJ6fct fet^ H5ftisi$t i toi 

W«t»tOW^ I n^UGaAs X *) 44n>^^ hif rt 5 \ tITO 

t ZtitzZt ZHfrWit-f&o ZtU±, AlGalnPif) &&&3feJl«MI!IKT, 
HOI naWf«-*#/jN$ < otD, OteT-jgSc 

8fc*yffii&Kj&*afi£ KfU < & o *) „ & & v> tif&&3B# WafK*:^-*- & fc „ I T O 
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[0 0 10] 

utztz, c B /c A ^o. sMTtzzzdizmm-tzzttsmt L<, «^ 

H<7)I n«^^#^tL^> liraoSM&S&frfc? CLfcj&*g£ Lv* 0 C 

^ I n b G a fc0^tf7ftJKK**1-& I nOIR^JfcfcT* lilff^SJ Lv> 
'fit (0. l£LL0. 6J^T) SritiS"C§*0-C*^^ rr>*?hJfc7\ I TO 
S^*MJCMLTV^OtSM1H0O%#fi[*-e<^ I nSJgCB^'u b 

n G a A s £ *U S^ffloSP^G a A s Jl i & &*||^ t & o T V>T 

Secondary Ion Mass Spectroscopy! S IMS) > ^ - v ^ S^^Hfc^Hfr (Auger 
Electron Spectroscopy) % XWtWrf-frJt (X-ray Photoelectron Spectrosco 

py:xps) ■&z<Dmto<o$mwft-%mz.3L *) m^^c^^t* -e- 

Off $ ^riRj«JK^ Sr«^sp^-f & £ t J: t) „ a > * * h jp <^¥*Sj« * Slse 
[0 0 11] 

n^^^ hJKWSMfcl njtJtii, I nfcGafcO<&tfS&££*tt* I nO 
W^itKX, 0. m±0. 6mTfc$tL^dt^Mt L<U _tfB<7>ff*$3s3gfc£ 
Oi^^fWj; I niftj£jWb*L& J: ? Lv> 0 n>^^M 

O^Wfc I nmBtW, IntGa fcO^IKt/l^t* I nVm^ttKX, 0 
. llSLtO. 6&T£&£«fc7 Mt&? Z bi>mt L^ 0 ±&&mizt& I nWk 

bz&o. l&mKK&b, vmnmrnmimmtofk^-t-frb**), o 
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[0 0 12] 

ITOtt, BMk^X* K-^L^BMk-f >y»>AJl-e*i9, BMfc^Xo#^r* 
* Hl%Jil±9fI%MT (IMb^f >^^A©^**%9 1«*%&±9 9® 

v^t-t"*ii:3&*T-§*o iOidfc I TOIillf^G a A si±K»*L 

2 2 5 1 7 8-&&&\Ztim.ZtiX\t*&m3tX *) i>ffi&<D, 6 0 0V£k±7 5 0 *C 

1~<&&o $tz, I n«J9F*»ISfDLT, 3y^nM^[6lt:iiU:In 
<fc1--5vlfcHo^^ 0 tfz, G a A s i^O I n Ott«t:I^f |^ t 

, -nywymh vmmmr&izx i toi^iii^ i n u m^om 
v-tg&t, iTovMm&G&Asm^&mLxmttfi&mzti. m^mm 

fc, GaAsi^I n^ffe3ljg^/jN$<^i5i-§\ ttttjfiSLfc+fl-fci&TS 
[0 0 13] 

aii$wa*i 2 omj>±iz%z>t, rswaaawe^JiiRffitaSv^^ g a a 
zti£*)i>&\,*mMmmm 3 0 o®mmtx) *mm-t%> 
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[0 0 14] 

i~J:d ^^^^V^SOff$Srii^i-tL^«t Mlfl n x Gai- x As£ 
fflV>£^§£"C&*U£, 0. OOljumilUlLlftM^oi^ In x G 
ai- x AsH44 tt&g^JV <Dm £ fc* # < 1r & Z t Ji, 
Ji^^lt**iRJR**^1-Sfif*. 3Wm^Oi£T*S<0^ 0. 0 2 ^ m 
£lTtndfc^U»o 3>^^HSr0. OOl^mliO. 0 2 

[0 0 15] 

^y? ? \>m<ryfcwm izmttz? ? v vm torn -en^ hmt 

1^7 7 Ki^4 < bk^-rtifrt I TOjtWttffiJB £<*>»]£ 3V** hJf rt* 

^$tLT^«9, m=*>9?vmt, m-mmmtvv mtnr.mmm?7v 
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[0 0 16] 

HI 1 O^r/ KH (E c (±^^> E v telffim^- 
«ai5<&*K **yro^Ku 

ate J: & * 70€ iiL^^c i 19 MlWftom^i£ifc£te3i-? # 
[0 0 17] 

£ 0 ic N n^^^M^^^Kli:©^:, -C-tL > ^ ^ t -? 5 KJf 
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[0 0 18] 

s fc©^SE^#JfcttW&0&A 1 G a I nPfcT»jWtt*3&ft-*-*»frfc 

AlGaAsi^ GalnPlSVAlGalnPi (^'VK^f^x^^ 

^tr^O^agtC^-t^Clt^i, ^xlfA 1 GaAsim^tU 
Mt^it^l^o ^ti^^H^i^, Miff, In x Ga y Al 

nmja±7 0 0 nm^T) ^* i »tTO|KHO|&*S[ft**3g , t* i &o 
Z<DWr&, fHlili, MiiflnGaAlNf (s*> y 7 

&o tfc, IEi*«J±©T<7>£«£, 3teflXWLS&splRl±<OSb*i:«r*^:IRH5l§ ! tii 

o 

[0 0 19] 

m i lafc^jB-e**^*?- 1 o o ^^-rw^iiiT'^^o 

1 8fi0^ 3>^^H9t ITOSWtiil 0 fcri*£OJ||l#fcT3l£jft$*L-C 
IT01^1I18, 10(4, hJf 7Ma bJf9 ttt> 

k> **»«B2 4oi±iii 711, i smvzix^ti&mzmii&Kxfmz 
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[0 0 2 0] 

!&3feJi*fS2 4t±, (A 1 X G a i _ x ) y I n i _ y P (tztzL, O^x 

=S1, O^y^l) HT*ia$*L&fcfc<>^ *-iII^5yKl6, 
11^7 7 KJf 4 , RVm—mMM* 9 y KH 6 tUS-mMM? y v K« 4 t <D 

> K-7 (A 1 x G a i — x ) y Ini_ y P (fcrtfU OsSx^O. 55, 0 
. 45^y^0. 5 5) i&Sri* *>fc 5 #*M©ttJ»5 iH^>K 

7/x^;^-©^|^pI (Al x Gai_ x ) y Ini- y P^77F 
I6i:nl (A 1 x G a i - x ) y I n i- y P^7^ M4 fcCi 0 ^A^/5» 
Ih^otv^o ^ 1 eOS&ftfjf^- 1 0 0 -Ct±, I TOj89§WM8flflfcpSA 1 
GaInP^77Fi6 a*BBfi$ tLT*5 ^ IT OmWW&m 1 OfiOK nlA 1 
GaInP^77M4 >&*K8S*fCV**o T\ iimUfete I T 

5tXS±. ^pr^^^rlA-t^> Kwc> hJSfc^O^ (M;U£l 0 1 3 ~ i o i 
6/cm3e<£*r±Rfc-*-*) *t^Krt-&tO-C»±*v» 0 
[0 0 2 1] 

ttz, x>9?Ym7, 9 it, v>TtL^ I n^tUGaAs £ *) & *K H 
6(T)^*5^T, I n»jgCM**> I n t G a t <^ttiftKfc*H-£ 

I n^m^ritKX, 0. lJa±0. 6J^Tt$tL«5o ttz, I natJgfc^ I TO 

IT0SWifti8 f 10 (Ell) t<D&M&tiLmzi3lf2> I njtJg^CA^ t 

„ dttt^nico^#^e (oil), ^77K|6, 4 (mi) £<o#^IM£M 

) Ic&tt'S I n jgyi; £ C b tLtzt^, C B /C A ^0. 8 J^T £ * d Klfl 
33E$*lTv*£ 0 ^>??hm7, 90ip$(i % 0. 0 0 1//mJ£Lh0. 0 2 m 
(3*L<*40. 0 0 5 ,u mJSLt 0 . 0 1 M m&T) T~$>& 0 
[0 0 2 2] 
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• IT0»9§**»8=JM : o. 4^m, gMt* X-g-^gs : 7®*% mum. 

• p MA lGaInP^77 Fi6 = l J «m; 

• A 1 G a I n P filteJg 5 = 0. 6 ft m ; 

• nlA lGaInP^5yK|4=l/jm; 

• n>^^ hJf 9=I?£ : *5j0. 0 0 5 ^m 

• i t omwmmm io = it omwmmm 8 1 m—mj&o 

[0 0 2 31 

mr> m 1 of^f? 1 o o omi&ijm-^xmw-tZo 

tr. 0 3^t±M:> A 1 Ga I nPMfc*&^g^*ft^#i!*^ 
SGaAs 1 ©»-±$S lai:, nIGaAs^7 

7»2*«;Uf0. 5 yum, ^-e, f&3fcJfg&2 4 LT, l^m^nMAlG 
aInP^7";M4, 0. 6/<m^AlGaIiiPittl {J > K-*X) 5. 
^l/<raOpIAlGaInP^77Kl6, £fc£GaAsS7' ^plA 
lGaInP^77 KJB6±Hff£0. 0 0 5^mCtxe^ + ytn/M§* 

[0 0 2 4] 

iiffiojfcftm. Wx.{«m^7lc^ (ftfifiSBfc: 3 o %itm'fb7X^7K : 7jc= 3 : 

1 : 1^*J£) ^^^Sx^fV^SSt acitKJ: *K GaAsitlfe 
J: a A s 7 ri 2 *x y f d t^tl 4 (0 4 (a) ) 0 

fit, ra@ (b) fcjjjrTJ:?^ -e-Oiy^^^SHISI^tLfeffll^^r, nl 
AlGaInP777 KS4 0±W 8K, GaAs|9' MOVPE& 
0JP£ 0. 0 0 5 ^m»:txe^#Vt^jfiS$*S 0 
[0 0 2 5] 

fit, -etL-TtLOGa AsJS7' S^GaAsfg' <^M^Ml*> 2r£n?> 
iftfl«X/<y^U>^ffi (^-T'yhM (In 2 O 3 = 90. 2fifi%, Sn 
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0 2 = 9. 8 mi%) , r f J^&ifc 13. 56 MHz, Ar JE^J 0 . 6 P a , X 
A^I^J3 0W) IT01^II18, 10^W*UI$0. 4/u 

[0 0 2 6] 

i5^t±^:, :om^i-m 3 ^^F^>f fcffinu mx-itmm 

#ffl^**v^±Ar^WfStt^#H^,4'tCT, 6 0 0*Cm±7 5 CCJilT 
(^Jx.tf7 0 Or) Ol&i&TN 5*MJILL1 2 OWT (0flx.WT3 0#) 

9' i:in«U 06 ($>&^im7) iZTF-tZtZ I n^Jg^On^^ 
^M7 ( 9 <b <> iMt^tlf 1 ^ ^ 1 3 fi 9*4 v > J: 19 # 

5 b ^M^itif, z h Km^L%^mmm±^* : ffZj&tz> - 1 k x ztytm? 1 

0 0^#?>tL^ o 

[0 0 2 7] . 

ISmitm^l 0 Oia^i, pSA lGalnP^?^ Ki6MnIA 1 
GaInP^77 K14 0^ffi#, fji-f*ia>^^ MYSlFnv^^ H9 

fib 1 Toi^iii 8 , 1 0 *fr\^xwmm±-hmmzriz>o mmmm^xz 
mMmm*mm.&<D&.ft% i t ommmmm 8, 1 o o^wk^— fc&itt&o 

wmmm 8, ioii, /< > * ? T^Jti^^ a > 9 >? y m i , 9wu 

[0 0 2 8] 

3>-^^h«7, 9(i, AlGaInPil)^l.f^ia52 4 t:^U 
W^i^GaAsi7' , 9' fcttWU JfctfcWI&ffi-e 
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je®t& ^ofi»^b*«i*wui»jh-t-* i tares z> 0 

[0 0 2 9] 

^>b«ftOfiv»ftK--/« Willi 0 1 7 'flu/ c m 3 J^~f ; $>|,v>(iy y K 
-•/if (10l3i/ cm 3-l0l6|/ cm 3) £ LT3&fcLTfci(KF!lffi#L 

t> % > m^^-g £1& K - 7TB £ -T £ i i: T% € o**t}gtW B < & * O 

& £ £ 0>*X* § & 0 -etT. 0 6ab&v>t±0 7tc^-t-J:9^, 
if 7, 9©In*S#, IT0SW1S18, 1 0 fc O&ftMfflfc-CSf* *LTV> 

[0 0 3 0] 

&*5, InGaAsliAlGal n PJf t fcfflKSte- LtzWfk, 

mwmmm8, l 0 t&-f&=i>?? YM7, 9t> AlGaInP^77Kl 
6, 5t©MC, Mt^t^W/r/ K^tyyx^^^Jtfjitiigi l 1, 
1 2 £|f Xtiii^-Clio 1, 12 14, WLtfA 1 GaAs, Ga 

I nPRX/A 1 G a I nP(D^< 1 o£^-tr & <?> i: LXffij&XZ, Wz-lf 
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^T^^ ^tL^^W^Ojp^ti-ett-rtLO. l^m5@EmT(0. Ol^m^Lt 

[0 0 3 1] 

COJ:? %*mm 1 1, 1 2 ^JfrffcLfz^Jh^^b LT(4, i2i:^fj;M: 
. ^y^^n^^^-t-^^SB 1 2 4 <7)#® (pI^9fK110 6, 
m 1 0 SROfnl^ 7 v VM 10 4) ^AlGal nNjlfiKi VfttJ&Lfz^ W 

/ISM 2 4 14. ll^f^l 0 0 fcra&KMOVPEfefc J: ^J&Stt&o 
ii2(Of^2 0 0fi, ^1^12 4^^, ^«9^^(±mi<7)^# 

T-i o o tiwi-«j&-e&&<7>-r\ #|ffl=fcm^(4^H&i-^ 0 

[0 0 3 2] 

IU 8 ic^-f 5 0C94dK, r^fnfili^^^^i 

$152 4 fc N ^<7?>tflJ^<0^rz>^^ MMITOI^Sf^lTUv^ 

0 £0^(4, nIG a A sit 1 lif^SS^fflffi^^ -^0^— ^MfOtC 

[0 0 3 3] 

7 7Kl6i^Fli:> 2 1 MLf;«T^I> 6 In >^ ^ M 7 

fi> S7i:^fJ:^j;InGaAs|i:GaAsit^^-&^t^^ 

-?^)\,^~-tf>77 v YmmK^xwmm^w>-t^mmm {^m^p-r 

2>M$.—mx$>^Xi>±^) , ZcomMlfmXte, AlGaAsi20UlGa 

1 n PJB 2 1 £<7)2/f (;:«£ ^Mc^ft, |ij#(w/s> KSS^FitiBHSolS/hH^ L 
tv^ 0 #K A lfe3t«aR2 4 (c&tf&^teif <7V?> K^r* ? "/.X.* /Mr 
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*;Mf-<>ftie>r*«:&fcV> Wx-ISA 1 G a I nP^li, A 1 ^tfiOiU 
[0 0 3 4] 

4 fc, HI 2 fc^l&ft^ 510iTt, G a A s 1 2 4 t 

(OffliZ, Mz.imm¥7 - 6 6 4 5 5-f-<&$Rlc^^tLTV^^S#^M^> 
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